Stroke is one of the most prevalent cardiovascular diseases worldwide, both in high-income countries and in medium and low-medium income countries. The WHO report on noncommunicable diseases (NCDs) indicates that the highest behavioral risk in NCDs is attributable to incorrect nutrition. The objective of our work is to present an overview of meta-analyses that have investigated the impact of different foods and / or drinks in relationship with the risk of stroke events (ischemic/ hemorrhagic). The papers to be included in the overview were sought in the MEDLINE, EMBASE, Scopus, Clinicaltrials.gov, Web of Science, and Cochrane Library and were selected according to PRIMA flow chart. Quality assessment were made according to AMSTAR scale. This overview shows that all primary studies came from countries with high income level.
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Flow-Chart (figure 1). The quality of the meta-analyses was assessed using the AMSTAR 2 scale by Shea et al. [30] that allows to evaluate the methodological quality of the meta-analyses (Supplementary Table 1 ). In addition, we evaluated the distribution of primary studies included in each meta-analyses, according to six different geographical areas (Australia, Canada, China Singapore and South Korea, Europe, Japan and USA) and according to four nutritional patterns and/or product type (Eating habits, food, beverage, integration) (figure  2  and  table  3 ). Table 3 . Distribution of primary studies included in meta-analyses considered, according to geographic area and type of nutritional support . Summary results of effects size for ischemic of stroke events, based on study design of selected primary studies for each meta-analysis Figure 5 . Summary results of effects size for hemorrhagic of stroke events, based on study design of selected primary studies for each meta-analysis
Dairy products
Four meta-analyses specifically investigated the use of milk and dairy products. In the work of Mullie et al. [9] it is evident that the consumption of 200 ml of milk does not lead to an increased risk of stroke, while Alexander et al. [5] show that risk reduction appears to border statistical significance. Surprisingly, however, the consumption of cheese seems to reduce stroke risk ( Table   1 ). The latter author has also performed a dose-response analysis which suggests that in total the intake of dairy products is protective against stroke; specifically, the daily consumption of cheese with a range from 0.5 to 1.5 servings; in particular, an intake of calcium from dairy products of 100-300 mg/dl or above 300 mg/dl also helps to protect ( Table 2 ). On the other hand, a single metaanalysis investigated the correlation between risk of developing stroke and consumption of butter [10] and did not show a statistically significant increase in risk ( [31] .
Instead, the more controversial use of calcium along with vitamin D versus placebo shows a RR= 1.20 (1.00-1.43) [32] .
Alcohol consumption
Two meta-analyses have been identified that affect alcohol as a risk factor for stroke [8, 11] . It is possible to summarize the effect of alcohol on stroke substantially as a biphasic effect: protective, if consumed within the limits of 1-2 alcoholic units but very detrimental in the case of more than 4 alcoholic units (conventionally, a drink containing 8 mg of ethanol is identified as an alcoholic unit).
Specifically, the consumption of alcohol seems to be protective in ischemic stroke comparing to mild and moderate consumption versus non-drinkers, with a RR= 0.87 (0.81-0.92). As for the impact of alcohol on hemorrhagic stroke, the heavy drinker shows a markedly higher risk for the onset of intracerebral hemorrhage when compared to the occasional drinker: RR = 1.74 (1.45-2.09) [11] . Larsson et al [11] performed a dose-effect analysis was to confirm the above data. The consumption of 1-2 alcoholic units a day have a protective effect against ischemic stroke. On the other hand, consumption of 4 alcoholic units is associated with an increased risk of ischemic or hemorrhagic stroke [11] .
Zhang's meta-analysis also shows how a moderate consumption of alcohol has a protective effect compared to heavy consumption [8] .
Mono-unsaturated [MUFAs] and polyunsaturated [PUFAs] fatty acids
A meta-analysis with 10 cohort studies included [14] , investigated the consumption of MUFAs; its results show that RR is at the limits of statistical significance [ Table 1 ].
Meta-analyses of Abdelhamid [33] and Hooper [34] on RTC showed that omega 3 and omega 6 do not influence stroke risk, respectively: RR= 1.06 (0.96-1.16) and RR= 1.36 (0.45-4.11). Larsson et al. [15] investigated the consumption of PUFAs, also on cohort studies, finding these molecules to be protective of ischemic stroke [ Table 1 ]. On the contrary, Abdelhaimid's meta-analysis [35] on RTC showed a not significant PUFA effect on stroke risk: RR= 0.91 (0.58-1.44).
Saturated fatty acids
Muto et al [36] investigated the effect of a diet rich in saturated fatty acids. They showed that with regard to ischemic stroke, the overall HR was 0.89 (0.82-0.96), while it was 0.68 (0.47-0.96) for hemorrhagic stroke.
Hazelnuts
Chen [19] investigated the consumption of nuts and the incidence of stroke. The consumption of hazelnuts appears to be protective against stroke (Table 1 ). There are, however, some differences regarding the consumption of different type of hazelnuts (Table 1 ).
In the dose-effect study, Chen shows how a weekly consumption of up to 5 portions could to reduce mortality [17] (table 2) .
Black and green tea
A meta-analysis by Arab et al. [24] investigated the consumption of green and black tea as a protective factor in the onset of stroke. The results, shown in table 1, appear to be rather encouraging, favoring a reduction in the risk of stroke.
Sugary drinks
Narain et al. [38] have studied the consumption of sugary drinks, determining how a high intake of such drinks, especially in women, seems to favor ischemic stroke [ Table 1 ].
Whole Grains
One meta-analysis investigated the protective use of whole grains in the development of cardiovascular diseases and also in strokes [28] . This evidence was confirmed even after the doseresponse analysis ( Table 2 ).
Fruit and vegetables
Aune's research illustrated the benefit of consumption of fruits and vegetables against the onset of stroke (Table1). The benefit appears evident in the dose-response study, particularly for certain categories of plant-based foods, such as citrus fruits and citrus juices, for ischemic and hemorrhagic stroke, and the consumption of leafy vegetables for the onset of only ischemic stroke [17] (Table 2) .
Vitamin B complex
A recent meta-analysis shows that folic acid can reduce stroke risk with a RR= 0.79 (0.68-0.92); while, the combined intake of folic acid + other B-complex vitamins does not appear to be significant, with a RR= 0.91 (0.82-1.00) [25] .
Carbohydrate intake
A meta-analysis analyzed the incidence of stroke with respect to the total consumption of carbohydrates and respect to their glycemic index and glycemic load [39] . The risk of stroke incidence was significant in foods with a higher glycemic load: RR= 1.19 (1.05-1.36). No statistical significance was found for the consumption of the glycemic carbohydrate index (RR= 1.1, 0.99-1.21) and for global carbohydrate consumption (RR= 1.12, 0.93-1.25) [35] .
Soy
A meta-analysis investigated soy consumption and analyzed 11 observational studies, including 4 case-controls and 7 cohort studies [40] . The categories with high soy consumption were compared to those with low soy consumption. In the cumulative analysis soy consumption reduced the risk of stroke significantly (RR= 0.82, 0.68-0.99) [40] .
Fibers
The meta-analysis by Zhang et al. on fiber consumption highlighted how high fiber intakes are associated with a reduction in RR stroke. In particular, high fiber consumption proved to be protective in ischemic stroke (RR= 0.83, 0.74-0.93), but not in hemorrhagic stroke (RR= 0.87, 0.72-1.05). The dose-response analysis showed that the daily intake of 5 grams of fiber leads to a risk reduction (RR= 0.90, 0.82-0.99). A further increase of 10 grams shows a higher decrease of RR= 0.84 (0.75-0.94) [41] .
Flavonoids
High consumption of flavonoids investigated in the meta-analysis by Tang et al, is stroke protective (RR= 0.89; 0.82-0.97). The daily increase of 100 g showed no statistically significant results (RR= 0.91; 0.77-1.08) [42] .
Protein
Zhang et al [43] showed that the total protein consumption does not affect stroke risk. However, the consumption of vegetable proteins could be protective (RR= 0.90; 0.82; 0.99).
Fish
Qin's meta-analysis investigated fish consumption [44] . There is no significant relative risk in the comparison between the consumption of lean fish and fatty fish (RR=0.88; 0.74-1.04), while there is a protective effect in the consumption of large quantities of lean fish compared to the consumption of few quantities of lean fish (RR=0.81; 0.67-0.99). Xun's meta-analysis [45] shows how a large consumption of fish has a protective effect against stroke: OR= 0.91 (0.85-0.98).
Meat
Kim et al investigated the incidence of stroke with respect to meat consumption. Red meat consumption is associated with an increase of risk (RR=1.11; 1.03-1.20). On the other hand, there is a protective effect in the consumption of white meat (RR=0.87; 0.78-0.96) [46] .
Chocolate
Chocolate consumption shows a protective effect against stroke: RR= 0.84 (0.78-0.90) [47] .
Vitamin C
The meta-analysis of Chen et al. concerned vitamin C intake [48] . Consumption of high doses is preventive in the development of ischemic or hemorrhagic stroke (RR= 0.81; 0.74-0.90). Similarly, the dose-response analysis verified that the incremental intake of 100 mg / day of vitamin C has a protective role in the incidence of stroke, RR= 0.82 (0.75-0.93). In particular, the intake of vitamin C would seem to be protective against ischemic stroke, RR= 0.77 (0.64-0.92), but not hemorrhagic (RR= 1.07; 0.38-3.00).
Legumes
The consumption of 100 grams per week of pulses showed RR= 1.07 (0.77-1.50), with regard to ischemic stroke and RR=1.23 (0.91; 1.66) as regards to hemorrhagic stroke [49] .
Eggs
A moderate consume of eggs is associated with a potential decrease of stroke, RR= 0.88 (0.81-0.97) [50] .
Olive oil
Martin-Gonzales's meta-analysis has highlighted that olive oil consumption has a protective effect against stroke: RR= 0.74 (0.60-0.92) [51] .
Vitamin E
The results of a meta-analysis on RTC by Bin et al [52] show that the supplement of vitamin E is irrelevant on stroke onset, RR= 1.01 (0.94-1.07) [52] ; on the other hand, the meta-analysis by Cheng et al. regarding observational studies, highlights that a supplement of vitamin E decreases stroke risk: RR= 0.83 (0.73-0.94) [53] .
Geographical distribution of primary studies
As regards to geographical distribution of primary studies, respect to beverage, food, eating habits or integration, there is a strong difference among the areas considered ( figure 2, table 3 ). It is important to underline that no studies about diet style were conducted in Canada and Australia.
Europe and USA are areas where the majority of studies were conducted: 8 studies on cereals in Europe, 5 in USA and 3 in Japan. Similar trend for fruits and vegetables: 22 studies in Europe, 14 in USA, 7 Japan and 1 in China-Korea-Singapore area.
It is important to underline that Europe and USA have also a particular interest to investigate alcohol use (figure 2, table 3); in fact, they have conducted 10 and 13 works respectively, while only 2 studies in China-Korea-Singapore region. All areas considered have studied with particular attention integrations (omega 3) ( figure 2, table 3 ).
DISCUSSION
Our review aims to carry out an overview of meta-analyses about the impact of nutrition in the prevention of ischemic/hemorrhagic stroke. Compared to a recent review [54] we wanted to underline some aspects: first, the geographical setting of conducting individual primary studies;
second, study design of primary studies (cohort o RTC) and third, methodology quality of metaanalyses. Respect to the first point, it is important to underline that all primary studies came from countries with high income levels. This evidence shows that as many countries are not represented, therefore consequent different lifestyles, ethnic groups, potentially harmful or virtuous eating habits are not reported. Moreover, different production standards, regulated by different national or international legislation, could influence the final summary of the data in evidence.
Omega 3 and 6 integrators are the most studied, both in meta-analyses of observational studies and RTC. Discrepancies emerge on the long-chain omega 3 between the meta-analysis of Larsson [15] and that of Abdelhamid [35] : probably this difference is attributable to a greater sample size in Larsson's meta-analysis and to more recent publications.
Another highly studied integrator is vitamin C (in China-Singapore-Korea, Europe and USA).
Vitamin C could have a neuroprotective action due to its antioxidant activity. Murine model studies have shown that high circulating levels of vitamin C may be able to reduce the ischemic area [55] .
However, a Japanese population-based study noted that vitamin C neuroprotection activity would be more effective in non-smokers than smokers, demonstrating that the overall lifestyle is responsible for cardiovascular events [56] .
Flavonoids act like to vitamin C. Studies have been conducted in Europe, USA and China-Singapore-Korea area (figure 2). Flavonoids perform a neuroprotective action through a triple mechanism: reducing reactive oxygen species (ROS), reducing intracellular concentration of glutamate and inducing the production of nitric oxide (NO) by activating the enzyme NO-synthase, a powerful vasodilator [57] . However, a Japanese population-based study noted that vitamin C neuroprotection would be more effective in non-smokers than smokers [56] .
The role of some vitamins in relation to cardiovascular risk has also been studied. B vitamins, in particular folic acid, cardiovascular diseases, may be linked to the improvement of endothelial function, associated with the increase of 5-methyltetrahydrofolate reductase with the reduction of the circulating homocysteine [58] . Vitamin E, instead could play a role in endothelial homeostasis in respect to local inflammation, lipid metabolism and the stability of atherosclerotic plaques [59] .
Comparing the geographical areas examined, USA and Europe show particular attention to lifestyles. In fact, numerous studies have been conducted in these continents also in relation to alcohol consumption (figures 2, table 3 ). This data could be considered as an indicator of awareness with respect to food education policies and social habits which, however, appear to be very different between different nations, as in the case of Europe [60] . It is well known how the adoption of a healthy diet, with an adequate intake of carbohydrates, greatly reduces cardiovascular risk and obesity [61] .
Regarding tea consumption there are primary studies (figures 2, table 3 ). Tea as a drink originated in Asia and consumption is widespread worldwide. Among the other substances contained in tea leaves, the beneficial effects are attributed mostly to Camelia Sinenis, a plant rich in catechinsmolecules with a positive effect on endothelial function [62] . The benefit of this product in the meta-analysis of Arab et al has been shown for both Asians and Non-Asians [24] .
There are many studies on cereals in a great part of the areas considered ( figure 2 ). It is important to underline that cereals have not shown a potential benefit on stroke onset [28] ; on the contrary, the consumption of fresh fruit, nuts and legumes entails a potential risk reduction [19, 28, 40, 49] .
Their consumption is encouraged by all the most recent guidelines on cardiovascular prevention [54, 63, 64] even though there are notable differences between geographical areas and social context [18, 63] . As pointed out by Lake et al. climate change could also affect the accentuation of inequalities in access to food and healthy food particularly in developing countries [65, 66] .
The results of the studies regarding red meat are controversial. Excessive consumption of red meat and specially processed meat, studied in only two geographical areas (Europe and USA), show an increase in risk; while moderate consumption of red meat does not lead to an alteration of the lipidic structure or a significant pressure rise [67] ; moreover, cardiovascular risk could be mitigated by the adequate consumption of fruit and vegetables [68] .
Finally, it is important to underline that same widespread types of cancer, such as i.e. colorectal and breast cancer [69] [70] [71] , and cardiovascular diseases have in common many risk factors.
CONCLUSIONS
Most physicians and health professionals underestimate the importance of food and lifestyles, smoking, consumption of alcohol, daily exercise as stroke risk factor. It is very important to underline nutrition in stroke prevention.
This review reveals that choosing foods with a more favorable nutritional profile may help reduce the risk of cardiovascular diseases and stroke in particular. These indications can be specifically addressed to those classes of the population with an increased risk of stroke, using a "tailored" preventive medicine for individuals based on genetic predisposition, presence of other risk factors or predisposing lifestyles.
Although far from identifying a "superfood" with nutraceutical properties that can guarantee absolute well-being or zero risk, it is clear that the choice of a balanced can reduce the risk of stroke, a disease with high social costs. 
